STUDY QUESTION: Is the death of a child associated with higher subsequent fertility?
Introduction
Several studies have indicated that the death of a close relative is associated with higher morbidity and mortality. This association has been observed in widows and widowers (Martikainen and Valkonen, 1996; Lichtenstein et al., 1998; Graff et al., 2016) , and in bereaved parents (Li et al., 2003 (Li et al., , 2005 Rogers et al., 2008; Harper et al., 2011; Rostila et al., 2012; Hvidtjorn et al., 2016) , as well as in children who have lost a parent (Li et al., 2014; Guldin et al., 2015) or a sibling (Bolton et al., 2016; Yu et al., 2017) . Bereavement, especially following the loss of a child (Skodol and Shrout, 1989; Dyregrov, 1990) , results in high levels of psychological stress (Skodol and Shrout, 1989; Stroebe et al., 2007) , which may partly explain the association with adverse health outcomes (Li, Precht, Mortensen and Olsen, 2003; Martikainen and Valkonen, 1996) .
It has been postulated that stress might lower the probability of conception (Nepomnaschy et al., 2007; Buck Louis et al., 2011; Ramezanzadeh et al., 2011; Lynch et al., 2014) , which would imply that loss of a child may reduce subsequent fertility. On the other hand, it is well known that women who lose a child in the perinatal period tend to conceive again shortly after (Skjaerven et al., 1988) , with 50-60% being pregnant again within a year (Lamb, 2002) . It is not known how loss of an older child, which may affect parents differently than the death of a newborn, affects parents' reproductive behavior; to our knowledge no previous study has investigated this question. Using nationwide registerbased data from Denmark and Sweden, we examined women's reproductive trajectory following the death of a child, taking into account the child's age at death and other characteristics of the mother and child.
Materials and Methods

Study population and design
We carried out a matched cohort study based on a sample of all potentially eligible women who gave birth to a singleton (defined as the index child in this study) between 1978 and 2004 in Denmark and between 1973 and 2002 in Sweden and who were registered in each country's Medical Birth Registry (Knudsen and Olsen, 1998; Welfare, 2003) . Both registries cover almost 99% of all deliveries occurring in each country in the respective study period (Knudsen and Olsen, 1998; Welfare, 2003) . In both Denmark and Sweden, residents are assigned a unique personal identification number (Pedersen et al., 2006; Ekbom, 2011; Pedersen, 2011) that allows the linkage of data between various national registries. We restricted the study to women who were born in Denmark and Sweden, respectively, to increase the likelihood that their other children would have been registered. The source population consisted of 902 098 Danish and 1 077 860 Swedish women (total = 1 979 958). Follow-up ended on 31 December 2008 in Denmark and on 31 December 2006 in Sweden.
Exposure and matching criteria
During the study period, 40 598 women (1.7% in Denmark; 2.4% in Sweden) experienced the index event (death of an index child, including stillbirth, i.e. death of a fetus from 28 gestational weeks). We excluded 4408 women who were older than 45 years when the child died, given that their age would have precluded most of them from having another child (indeed, only one of them had a child during the follow-up). In addition, we excluded 70 women who lost more than one child on the same day, given that they were too few to be considered separately. However, women who suffered two or three losses on different dates (n = 1008; 2.8% of the exposed) were included in the exposed group for each loss (there was no women who lost more than three children during the study period). We further excluded 662 of the 37 173 exposed cases (1.8%) because, based on our estimate, they were already pregnant when the index event occurred, thus, their reproductive behavior had not been influenced by the loss. The 'exposed cohort' consisted therefore of 36 511 women.
For each exposed woman, we identified up to five unexposed women, i.e. women, not pregnant at the index time, matched on country, date of birth (±2 years) and number of children, including the index child, at the time of the index event (1, 2 or 3+), with a living child of the same birth order and age as the deceased index child, born at approximately the same time (±1 year). The matching algorithm was applied without replacement, i.e. each woman could only contribute once to the unexposed population. In addition, an exposed woman could be selected as unexposed before she herself became exposed. Overall, 36 501 of the exposed women (>99.9%) were matched with five unexposed women, eight women were matched with at least one and at most four, and two women could not be matched, leading to a total of 182 522 women in the unexposed category.
Follow-up and reproductive behavior
For exposed women, the start of follow-up (index date) was defined as the date of the child's death; for unexposed women, follow-up began on the day her index child was the same age as the matched deceased child at time of death. All women were followed until death, emigration, birth of multiples or end of follow-up, whichever came first.
The outcomes of interest were time to the next conception leading to a birth and the total number of subsequent births. As we were unable to identify pregnancies ending in fetal loss occurring before week 28 of gestation, from this point onward we use 'conception' to describe a conception leading to a birth (live-or stillbirth) after a gestation of 28 weeks or more. We estimated conception date among women who had another birth before the end of follow-up (n = 111 502; 50.9%) as the date of last menstrual period plus 14 days. Last menstrual period was calculated by subtracting gestational age at birth from the date of birth. Gestational age was obtained from the national birth registries and was predominantly based on last menstrual period in the early years of the study and on ultrasound in the later years. When gestational age was missing or implausible based on birth weight (Glinianaia et al., 2000; Skjaerven et al., 2000; Talge et al., 2014) (n = 2551; 2.3%), we estimated conception date based on the median pregnancy duration (i.e. 38 weeks before the date of birth for singletons, 35.6 weeks for twins, 32 weeks for triplets and 29 weeks for quadruplets).
Statistical analysis
We first examined whether the interpregnancy interval, defined as the time from the previous birth to the estimated subsequent conception, differed between women in the exposed and unexposed groups. In addition, we compared conception rates between exposed and unexposed using a stratified Cox Proportional Hazards model, with time since index date as the time scale. The models were stratified on the matching group, i.e. all comparisons were performed only between the exposed woman and her matched unexposed women, therefore, controlling for the matching variables. We then examined whether exposure status influenced the total number of subsequent children after the index event.
We further investigated if the effect of the exposure was modified by the age at which the index child died, by the mother's age, and by the number of other children when the index child died. We additionally explored whether time since loss of a child influenced conception rates. In a subanalysis, we ... Results are reported as hazard ratios (HR) with 95% CI. We used robust standard errors to adjust the CIs for the presence of observations from the same woman. In those instances in which hazards are not proportional over time, the Cox Proportional Hazards model estimates can be interpreted as an average hazard ratio over the entire follow-up period (Xu and O'Quigley, 2000) . All analyses were performed using STATA/SE 11 (Stata Corporation, College Station, TX, USA).
Results
Baseline characteristics of the exposed and unexposed women are shown in Table I . On average, women in the study gave birth to their index child at the age of 27 years and entered the study around age 30, resulting in a mean age at death of the index children between the ages of 2 and 3 years. However, 71% of the children who died (and their matched controls) were younger than 6 months at the time of death, 14% were between 6 months and 5 years, while 15% were older than 5 years. The children's highest age at death was 28 years. Half of the index children were first-born children and 43% of them were the only child at the time of the loss. On average, exposed mothers tended to have a lower educational level than unexposed.
During follow-up, 27 108 exposed (74%) and 84 394 unexposed (46%) women had another birth. Among them, the interpregnancy interval was shorter for exposed women, compared to unexposed women (Fig. 1) . As a result, the conception rate in women exposed to the death of a child was more than five times higher than in unexposed women (HR = 5.5 [CI: 5.4, 5.6]). There were 9403 exposed women (26%) who did not conceive again during the follow-up. This percentage depended on the age of the women at time of loss (6% among those younger than 25 years vs 93% among those 40 years old or more) and whether they had another child (37%) or not (11%). Thus, there were 1790 exposed women (4.9%) who did not have any living child at the end of follow-up.
Estimates depending on the mother's and child's characteristics are presented in Table II . Although exposed women had a higher conception rate irrespective of their own age and that of the child, the effect of the exposure decreased with the child's age and increased with maternal age. In addition, the effect of exposure on subsequent conception was stronger when the index child was not first-born and when women had other children at the time of the death. Further adjustment for maternal education, or restricted to women with non-missing gestational age, did not substantially change the estimates (results not shown).
Conception rates were higher in exposed than in unexposed women throughout the entire follow-up, including the first month after death of the child (HR = 8.1 [CI: 7.1, 9.3]), although we saw the largest difference between 2 and 3 months after the index event (HR = 36.8 [CI: 32.7, 41.4] ). Within the first 6 months, 26.4% of exposed women had conceived again, compared to only 1.1% of unexposed (Table II) . This pattern was similar when taking into account the age at death of the index child. However, the difference in conception rates between exposed and unexposed women shortly after the death of a child was much larger when the child died at a young age ( Fig. 2 Figure 1 Interpregnancy interval (in months) of women exposed to the death of a child and matched unexposed women. Women with an interval longer than 60 months are not shown (8.5% of exposed, 23.9% of unexposed).
Supplementary Table SI) . Among women who lost a child before the age of 1 month, 8.3% had conceived within 3 months, while the corresponding rate for unexposed women was <0.1%. Among women who lost a child between the ages of 2 and 5 years, 10.1% had conceived within 3 months, compared to 2.4% among unexposed. The number of subsequent children according to exposure status is presented in Fig. 3 . On average, exposed women had more subsequent children than unexposed women. Four years after the index event, for example, 52.7% of exposed and 28.6% of the unexposed women had one more child, while an additional 16.1 and 1.3%, respectively, had two or more subsequent children. At the end of follow-up, the median [interquartile range] number of subsequent children was 1 [0-2] among exposed women and 0 [0-1] among unexposed, resulting in a median of one living child for exposed and unexposed women. The number of subsequent children was higher when either the index child or the mother was younger, and also when the index child did not have any other siblings; however, exposed women had more subsequent children compared with unexposed in general ( Supplementary Fig. S1 ).
Discussion
In this matched population-based cohort study, we saw that women who lost a child had higher fertility both shortly after the loss and throughout the entire follow-up. In addition, not only did women conceive soon after experiencing the death of a child in the perinatal period, women who suffered the loss of an older child had also a higher likelihood of giving birth following the event. At the end of follow-up, exposed and unexposed women had a similar number of living children. Adjusted estimates obtained using a stratified (on matching group) Cox Proportional Hazards model.
Our findings corroborate the previous evidence suggesting that women try to conceive again shortly after a perinatal death (Skjaerven, Wilcox, Lie and Irgens, 1988) , and many succeed. The shorter interpregnancy interval in women with a perinatal loss can be explained by contraception and family planning, although it is also partly physiologic, as women with a live baby generally breastfeed in the first few months, which often results in a period of anovulation. The current study indicates that most women who lose a child older than 6 months conceive shortly after the loss. In this situation, the difference between exposed and unexposed is unlikely to be physiological. The largest overall difference between exposed and unexposed happens around 2-3 months after the death of the index child, although the peak difference occurs in the first two months when the deceased child is younger than 6 months. Although conception rates were higher among Figure 2 Hazard ratio and 95% CI for conception leading to a birth, comparing women exposed to the death of a child to matched unexposed women, by age of the index child at time of death and the time after the death. exposed women, around one quarter of women who lost a child did not conceive again during the follow-up, and 5% (particularly the older ones) did not have any other living child. Skjaerven et al. (1988) showed that the difference in rates of subsequent pregnancies between those who lost a child during the perinatal period and those who did not increased with maternal age and parity, which is in line with our findings: young women or couples with only one child were more likely to conceive again irrespective of the survival of the child, while older women or couples with a larger number of children were more likely to have achieved their desired family size, and would have another child only in case of loss of one of their children.
As a consequence of the higher rate of conception, the interpregnancy interval was shorter among women who lost a child. Several studies have explored outcomes in children born to mothers who had experienced stress by bereavement before conception (or during pregnancy) (Li et al., 2011) . Thus, short interpregnancy intervals may partly contribute to the observed associations. These associations could also be partly explained by selection; that is, women who conceive a pregnancy destined to end in a live birth very soon after a loss might be a selected group of women who are better able to cope with stress. For example, we recently reported that daughters born to women exposed to stress, defined as the loss of a close relative, in the first trimester of pregnancy had a higher risk of infertility as adults (Plana-Ripoll et al., 2016a ), but we saw no evidence that daughters, and also sons (Plana-Ripoll et al., 2017) , conceived within 12 months of their mother losing a close relative had any fertility impairment. However, these findings could also indicate that there are specific windows of vulnerability during which prenatal exposure to acute stress can influence future reproductive development.
Several studies show that the ability to conceive and carry a pregnancy to term may be reduced as a result of stress (Nepomnaschy, Sheiner, Mastorakos and Arck, 2007; Wisborg et al., 2008; Buck Louis, Lum, Sundaram, Chen, Kim, Lynch, Schisterman and Pyper, 2011; Ramezanzadeh, Noorbala, Abedinia, Rahimi Forooshani and Naghizadeh, 2011; László et al., 2013; Lynch, Sundaram, Maisog, Sweeney and Buck Louis, 2014; Plana-Ripoll et al., 2016b) ; however, our study did not include a direct measure of stress or of fecundability, given that we did not know which women tried to have another child. Given that loss of an infant has been a very common event throughout human history (Basso, 2014) , it is possible that individuals who could conceive again shortly after the loss of a child may have been selected.
An important strength of this study is the use of population-based registers, allowing for the inclusion of virtually all eligible Danish and Swedish women and nearly complete follow-up. The potential for selection bias is thus negligible. The findings of this study can be generalized to populations with characteristics similar to those from Denmark and Sweden, particularly with respect to social and economic conditions and access to contraception.
Our study has also some potential limitations. Death of a child can result in the parents separating or divorcing (Lyngstad, 2013) , which would affect the probability of having another child. We cannot provide information about the frequency of this phenomenon in our study population as we did not have information on parent's divorce during the follow-up. However, separation/divorce is on the causal path between exposure (death of a child) and outcome (subsequent reproduction), i.e. it is a mediator of the association. As such, it is part of the total effect, and it should not be included in the model. On the contrary, adjusting for a mediator can result in a biased estimate of the total effect (Schisterman et al., 2009) . The main limitation of this study is that we could only identify pregnancies that led to a live birth or a stillbirth, thus missing fetal losses occurring before week 28 of gestation. In addition, we excluded women who were pregnant at the time of the death, because reproductive behavior could not have been influenced by the loss, but it could have been influenced by a disease or condition leading up to the death. We did not have gestational age for a small proportion of women, which may have resulted in some error in determining date of conception; however, results restricted to women with non-missing gestational age were very similar. This study was restricted to mothers of singletons, as the inclusion of women with multiple births would have complicated the analysis (and the Figure 3 Percentage of women exposed to the death of a child and matched unexposed women with 0, 1, 2 or 3 or more subsequent children after the death. overall presentation). In addition, it would have been difficult to find an adequate number of unexposed women with the same characteristics to match with the exposed. However, in an exploratory analysis in women with multiple births (not shown), we observed a similar pattern of higher conception rates among those who lost at least one child, compared with women with multiple births who did not experience the loss of any child. Finally, we did not have information on some potential confounders that could affect fertility and, potentially, death of the child, such as parent's health, smoking or alcohol consumption. However, these factors would tend to reduce fertility, and are thus unlikely to explain the observed association. In fact, they would tend to cause bias towards the null.
In sum, this study shows that women who experienced the loss of a child were more likely to conceive in the following months compared to those who did not, irrespective of the age of the deceased child. At the end of the follow-up, the two exposure groups had a comparable number of living children.
